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Summary
In the first half of the FY81 , several new areas were investigated. In testing and searching for oil -simulating solvents, we have studied the extraction behavior of (a) n-octanol, an extracting solvent used widely in biological and environmental studies, (b) HB307, a synthetic triglyceride mixture used widely in Europe as food-oil simulant and (c) 95X ethanol, to assess the effect of S% water on the extractability of anhydrous ethanol.
Antioxidant migration in two (ethylene-vinyl acetate) copolymers having vinyl acetate contents of 5% and 13% is being investigated for comparison with the polyolefin data. We are also beginning investigations of vinyl chloride migration from poly(vinylchToride) . The following summarizes some preliminary conclusions from these studies.
n-Octanol vs. Ethanol Diffusion coefficients of the three migrants from branched polyethylene into n-octanol are about the same or slightly greater than those into ethanol at both 30 and 60®C. However, for migration of SHT from linear polyethylene, the diffusion coefficients may be 2 to 4- In the case of migration, where partition coefficients are measureable in both ethanol and n-octanol extractions, the partition coefficients for n-octanol are nearly twice those of ethanol.
Thus, n-octanol is a slightly accelerating solvent when compared to ethanol and also allows a larger amount of oligomer to be extracted at equilibrium. The extraction data for HB307 at 60°C are shown in Figure 2 together with the corresponding corn oil data obtained previously and normalized to the same thickness. The results for branched polyethylene extractions by both HB307 and corn oil are summarized in Table 2 . It can be seen that for n-CigHog the diffusion coefficients into HB307 are slightly lower than those into corn oil. For both n-CggHgg and BHT however, diffusion coefficients into HB307 are slightly higher than those into corn oil. In all the cases studied, the change in diffusion coefficient due to a change from corn oil to HB307 is less than a factor of 1.5. The activation energies of the oligomers migrating from branched polyethylene into either corn oil or HB3Q7 are in better agreement than the diffusion coefficients themselves as indicated in Table 3 . The diffusion coefficients of i^"*^3 2^55 the same temperature variation regardless of whether corn oil or HB307 is used as the solvent. The extraction of by trioctanoin also follows the same course. This is illustrated in Figure 3 for the extraction of branched polyethylene (sample 25) by the three different triglycerides.
The activation energies for BHT and n-C-jgHgg extracted by corn oil and HB307
are also quite similar.
It may be concluded that the diffusion coefficients determined by extracting with all liquid triglycerides are identical well within a factor of 1.5 and the activation energies are probably within a factor of 1.3. Table 6 and compared with the corresponding migration behavior in branched polyethylene in Figures 6A, B , and C and in Table 7 .
BHT has a higher mobility in the (ethylene 5% vinyl acetate) copolymer than in branched polyethylene. We are currently extending these experiments to lower temperatures and to a copolymer with 13% vinyl acetate content. III.
Migration of VCM from PVC
The automatic head-space gas chromatograph, Perkin-Elmer Model F45, arrived in early April and is now awaiting set up and testing by the vendor before our acceptance is finalized.
Our first step will be to establish and calibrate the sensitivity of this instrument by using a series of standard solutions. The purported 2-3 order of magnitude increase in sensitivity of the electron capture detector (ECD) to VCM by the use of carrier gas containing up to SOppm nitrous oxide will be studied.
The ECD sensitivity as a function of nitrous oxide concentration is of major importance since a determination of the kinetics of VCM migration at very low levels is strongly tied to the stability of the sensitivity enhancement in the nitrous oxide concentration range of concern.
Extraction experiments may be performed on both powdered samples and molded plaques. The powdered sample may not yield good kinetic data because the sample is not monodis perse but has a particle size distribution. However, the submicron size particles may be useful for studying the equilibrium or partitioning properties that are very important in determining the final amount of migration. Organotin stabilizers were readily extracted from PVC food containers by olive oil, orange or lemon soft drink concentrate, and aqueous ethanol (Brighton, 1968) . Migration of I and II into a variety of liquid foods has been studied at 57®C for eight weeks (Pinkasavage, 1970 (Sheftel, 1978 thought to be present (Yen, 1970) . Migration-of di-n-octyltin esters and other organotins into aqueous and fatty foods has been studied .
No chemical change in the octyl tins was evident while for the other organotins studied mainly decomposition products were found to have been extracted. Experiments with I, radiolabeled at the ester or n-octyl group, migrating into edible oils showed that the stabilizer migrates either undegraded from rigid PVC or, following its hydrolysis, into two moieties which migrate at the same rate (Seidler et. al., 1971 ). The same material similarly radiolabeled has been the object of another study involving migration into edible oils and HB307 (Figge and Zeman, 1973 were given as follows: 0.04-0.17 VII and 0.14-0.47 X into water and 3% acetic acid, 0.50-2.12 VII and 0.51-0.99 X into HB307 and olive oil, and 0.88-5.48
VII and 3.63-3.81 X into heptane. If the stabilizers II, III, and IV discussed previously were transformed into the corresponding methyltin chlorides and thioglycolates before or during migration, their concentration in fatcontaining foods has been determined to be 0.5, 29, and 13 ng/g for the methyltin chlorides of II through IV, respectively (Figge, 1975 Several studies present evidence that organotin stabilizers are extracted primarily from the surface of rigid PVC and not from bulk polymer as is normally assumed. A rapid initial migration into heptane and 95% ethanol followed by a period of further migration at a decreased rate was evident for samples containing 2% stabilizer (Downes and Gilbert, 1975, Downes, 1972) .
The initial amount of migration was greatly retarded when the PVC surface was cleaned with heptane prior to extraction. If the polymer was aged for two weeks following the surface cleaning, the retardation of migration was no longer observed upon extraction. A study on migration of decomposition products of I into edible oils and HB307 described previously concluded that since PVC cannot be swelled by these liquids, stabilizers within the polymer cannot migrate from the samples and only free surface stabilizer is available for extraction (Figge and Zeman, 1973) . This point was amplified in a later study (Figge et al . , 1979 thought to be present (Yen, 1970) . Migration of di-n-octyltin esters and other organotins into aqueous and fatty foods has been studied Migration of three additives, n-octadecane, n-dotriacontane, and butyl ated hydroxytoluene (BHT), from linear (LPE) and branched polyethylene (BPE) into several oil simulating solvents is studied at 30 to 60°C.
Diffusion coefficients of the three migrants from BPE into n-octanol are about the same as those into ethanol. The diffusivity of BHT migrating from LPE into n-octanol is two to four times greater than that for ethanol extraction.
Diffusion coefficients of the migrants from BPE into the synthetic triglyceride HB307 are about equal to those in ethanol and other triglycerideD iffusivities for 95% ethanol extractions of BPE are reduced by a factor of two thirds to one half from the corresponding anhydrous ethanol values. The quantity of migrant extractable by 95% ethanol is more strongly governed by the change in partition coefficient, however.
For BHT migrating from an (ethyl ene-5% vinyl acetate) copolymer, diffusivities are only slightly higher for n-heptane but about three times greater in ethanol and corn oil extractions compared to those for BPE. A literature survey on the migration of organotin compounds, particularly di-n-octyl tin stabilizers, from poly(vinyl chloride) into foods and food-simulants is also given. 
